Introduction: Parkinson's Disease (PD) is a devastating neurodegenerative disease that significantly influences motor performance. Recent studies suggest expressive language deficits may also exist among individuals with PD even though the condition is primarily known for changes in motor skills. The purpose of this pilot study was to examine the influence of early stage PD on global coherence or the ability to maintain consistency of a theme or topic. Methods: Discourse samples were collected from eleven individuals with PD and compared to eleven matched controls to examine measures of global coherence. Two-minute speech samples describing a "typical day" were transcribed and rated on mean global coherence and percentage high global coherence. Results: Greater declines in global coherence were observed among individuals with PD, however, comparisons of both mean global coherence ratings and percentage high global coherence were not statistically significant between the two groups. A significant downward linear trend was observed for both mean global coherence ratings and percentage high coherence among all participants indicating decreases in global coherence over time. Conclusion: Approaches to the study of global coherence as a measure of expressive language performance should consider the temporal changes especially among neurological conditions known to reduce expressive language ability.
Neuropathology of PD
The neuropathological process that occurs in PD suggests that non-motor symptoms should co-occur with the more visible motor deficits. The primary PD disease process centers on the BG, a collection of nuclei that are connected to the cerebral cortex via a collection of cortical-BG-thalamic-cortical circuits that vary in function [9] [10] . The circuitry of the BG serves as the anatomical bases for potential non-motor deficits in cognition and also language both traditionally believed to be governed by the cerebral cortex [11] [12] . The extensive connections between the BG and cerebral cortex serve as the basis for the occurrence of hypothesized expressive language deficits in PD. According to BG models, PD disrupts cortical-BG-thalamic-cortical circuits believed critical to expressive language performance. As evidence, studies have shown that expressive language disruptions can occur in PD in the form of morphosyntactic, lexical semantic and language production breakdowns [13] [14].
Expressive Language in PD
Expressive language issues in PD are believed to develop concurrently with motor issues as part of the neuropathological process that disrupts the cortical-BG-thalamic-cortical circuits [5] [9] [10] [15] [16] . However, language deficits have not been observed at the same frequency as motor deficits. It is possible that non-motor expressive language symptoms are: 1) not disrupted; 2) not severe enough to be observed during the early disease stages when motor symptoms emerge; or 3) traditional measures are not diagnostically sensitive to the expected expressive language deficits at the earliest disease stages [15] [16].
Discourse Production
Analyses of discourse production have emerged as an approach to examine expressive language performance among individuals with neurological disease. Discourse production is a complex goal directed activity involving executive skills (intent, planning and task persistence) that involve the serial assembling of complex utterances that are determined by context and goal [11] [17] . Analyses of discourse offer researchers an opportunity to evaluate cognitive linguistic behaviors as they unfold during a natural form of communication [18] . Ash et al. (2006) noted that discourse analyses also allowed an examination of language disruptions that were independent of co-existing motor speech deficits in neurologically diseased populations [17] .
Discourse Coherence
One specific aspect of discourse production known to be affected in neurological disease is coherence. Coherence is defined as a speaker's ability to maintain unity related to a specific theme [19] and represents the speaker's conceptual organization during discourse production [20] . Coherence can be evaluated in two ways: global coherence or the ability to organize discourse around a central theme or topic and local coherence which represents meaningful linkage between the individual sentences produced [19] . According to Coelho & Flewellyn (2003) , global coherence is believed to be a skill reflecting the overall goal, plan or topic of the discourse [20] . In contrast, local coherence is a skill that reflects the conceptual linkage between adjacent sentences designed to maintain meaning in the discourse. Coherence has been evaluated in a range of individuals with neurological disorders including: traumatic brain injury [20] - [22] , stroke [17] [19] [23], Alzheimers disease [19] [24], frontotemporal dementia [17] , Parkinson's Disease [25] and adults absent of neurological conditions [24] [26] [27] .
As a first step in further understanding the nature and impact of PD on expressive language, we examined the discourse of a convenience sample of individuals with PD in the early stages of the disease. A previous study of discourse among individuals with PD found that that discourse production was more efficient and coherent when on medication vs. off medication [25] . The study highlighted that the cognitive resources supporting expressive language could be impacted by the disease even in the earliest disease stage. In particular, improvements were observed in global coherence suggesting the medications enhanced the individual's ability to maintain the topic of interest. Despite these important findings, little is known about the underlying mechanisms or specific cognitive processes that contribute to changes in discourse production after PD. Studies examining discourse production have traditionally compared one specific characteristic, at one point in time and compared to a follow-up point. The temporal aspects of global coherence offers an opportunity to evaluate whether degradation occurs over time at a rate that is greater than typically would be expected in individuals absent of disease or injury [28] .
The purpose of this pilot study was to use discourse in individuals with PD and non-neurologically affected age matched controls to examine the influence of early stage PD on global coherence. The following research questions were addressed in this study:
1) Do individuals with early stage PD exhibit lower global coherence during discourse production when compared to non-neurologically impaired controls?
2) Does global coherence decline to a greater degree over time during discourse production among individuals with early stage PD?
We sought to test the hypothesis that individuals in the earliest stages of the disease would exhibit reduced global coherence and over time when compared to age and gender matched controls. Our hypothesis was based on the notion that in the earliest disease stage, individuals with PD would exhibit deficits that were primarily influenced by the BG, whereas cortical involvement occurred during the later disease stages [5] . In addition, the participants could not exhibit signs of dementia which is known to negatively influence expressive language skills. We included individuals at Hoehn & Yahr (H & Y) stages II and III [29] . H & Y Stages II and III are the first neuropathological stages to present with clinical symptoms of PD and dementia is frequently absent [5] [15] [16] [29] . This study was initially reviewed and approved by the University of Florida Institutional Review Board (IRB) and subsequently reviewed and approved for secondary data analyzes by the East Carolina University IRB.
Methods

Participants
Participants were eleven individuals diagnosed with idiopathic PD, by a movement disorders neurologist using the strict criteria of the UK Brain Bank [30] , and eleven neurologically intact individuals who were age, education, ethnicity and gender matched (hereafter referred to as control subjects). Participants were recruited from the North Florida South Ga Veterans Administration Medical Center Movement Disorders Clinic. PD participants exhibited a minimum of 3 of 4 cardinal features of PD (resting tremor, rigidity, bradykinesia, postural instability) and had no history of deep brain stimulation or brain lesion therapy. All participants (experimental and control) had at least a seventh grade education, functional hearing for normal conversation, functional vision for reading tasks, used English as their primary language, and demonstrated expressive language skills within intact range for normal conversation. All participants also exhibited scores of 26 or better on the Mini Mental Status Exam (MMSE) [31] .
Baseline Assessments
Baseline assessments were completed by the primary author in the patient's homes. The Boston Naming Test (BNT) [32] and Wechsler Memory Scale-Logical Memory I (WMS-LMI) [33] were administered to examine potential group differences relative to naming (BNT) and the influence of short term memory on language production (WMS-LMI).
Collection of Discourse Samples
Discourse samples were collected by the primary author from PD participants in their homes prior to consumption of their first daily dose of anti-parkinsonian medication and at least 12 hours after their last dose. Collecting samples prior to their first daily dose of anti-parkinsonian medication ensured they were in their "off" medication state to maximize dopamine depletion, a major putative cause of cognitive dysfunction in PD. Control participants were also examined in their homes. All participants were instructed to discuss a "typical day", and participants were asked to speak for a minimum of three minutes. In the event that subjects stopped before 3-minutes, a standardized verbal cue ("Tell me more about that") was provided to prompt a continuation of the narrative until the 3-minute minimum was achieved. A Sony VN-480 PC digital voice recorder was used to record each subject's samples.
Transcription and Segmentation
The first three minutes of all language samples were transcribed verbatim. Each sample was divided into communication units (CU); defined as the shortest allowable independent clause and related dependent clauses. Individual CU's were defined primarily by syntax, however prosodic and semantic features were used at times when the unit could not be determined entirely by syntax. All unintelligible words were excluded from the analysis. In instances where the location of coordinating conjunctions such as "and", "but" and "or" was unclear, their prosodic feature determined their final location at the beginning or ending of the communication unit. Oneword responses were not considered in the communication unit calculation. Scoring guidelines for communication units were based on Hunt's procedure [34] .
Global Coherence Evaluation
Only the first two minutes of the samples were used for group comparisons of global coherence to ensure that samples of similar characteristics (word and sentence productivity) were analyzed across participants. A graduate student trained to complete global coherence ratings completed the global coherence ratings of the communication units in all samples. Each communication unit within the 2-minute samples were rated using a fivepoint global coherence scale as originally described by Glosser and Deser [19] , and later adapted by Van Leer & Turkstra [22] . Raters were instructed to use only scores of 1 (no relationship), 3 (possible relationship) and 5 (definite relationship). This method was chosen for the current study because in previous work by Van Leer & Turkstra [19] and the first author have found that the scores two and four were rarely used. The numerical rating of global coherence for each communication unit was written on the transcription form.
Global coherence measures were calculated using two approaches. First, the mean global coherence rating was calculated for the 2-minute sample. Second, the percentage of communication units receiving a numerical rate of five or "high global coherence" was calculated for the 2-minute. To further evaluate the temporal aspects of global coherence, we calculated the mean global coherence ratings and the percentage of high coherence for each one minute interval for comparisons across time.
Reliability
The first author independently completed ratings on 3 discourse samples (14%) of the total sample to assess inter rater reliability with the graduate student ratings. Point to point comparison as a measure of percentage agreement was completed. Inter-rater reliability was 90.4% for global coherence.
Statistical Analysis
SPSS 22 was used to analyze the data. Baseline comparisons of demographic, cognitive and language characteristics were completed. Group comparisons of global coherence ratings were completed using mean coherence ratings for each communication unit and the percentage of communication units that received a high global coherence rating (score of 5) for the first two minutes of the collected samples. Independent samples t-tests were completed to compare mean global coherence ratings and percentage of high coherence between the two groups. To examine the temporal aspects of global coherence, a repeated measures analysis of variance (ANOVA) was used to compare mean global coherence ratings and percentage high coherence changes from baseline, minute
Discussion
The purpose of this pilot study was to examine the influence of early stage Parkinson's Disease on global coherence during discourse production. We hypothesized that individuals with early stage PD, absent of dementia, would exhibit lower global coherence than age and gender matched non-neurologically matched controls even in the earliest stage of PD. Our hypothesis was based on the notion that the disease process for PD has been shown to influence expressive language performance which is governed by a complex interaction of cortical and subcortical structures. For this project, we calculated both mean rating scores and average percent high global coherence.
Two key findings emerged from this project. The first key finding was that global coherence does not appear to be influenced by PD in the earliest disease stages to a greater degree than non-neurologically matched controls. Although deficits in global coherence have been observed in other neurologically impaired populations (traumatic brain injury, stroke, Alzheimers disease and frontotemporal dementia) and in normal aging, the findings here do not support significant disruptions of global coherence in early stage PD. It is possible that global coherence is primarily governed by cortical involvement and individuals with diseases such as PD, primarily limited to subcortical structures in the earliest stages of the disease, do not disrupt global coherence. This position is supported by research that has shown the disease process begins subcortically, courses through the BG and other subcortical structures, and then affects the brainstem and the cerebral cortex in the later disease stages [5] . These findings further highlight the multifactorial nature of deficits in PD and the need for additional studies at different disease stages to explain the nature of expressive language performance during this disease process [35] . The second key finding was global coherence declines in a temporal fashion during discourse production. Both groups (PD and controls) exhibited declines in global coherence regardless of whether the score was calculated by mean rating or percent high coherence. These observations were seen in both groups as their discourse progressed from minute 1 to minute 2 (see Figure 1 and Figure 2) . It is unclear if this phenomenon is to be typically expected as previous studies have not considered these temporal changes. It should be noted that the two minute samples included here were longer than typically observed during studies of global coherence. Examinations of global coherence have been traditionally limited to picture descriptions and short story retelling, thereby limiting the discourse output. Therefore, it is possible that such tasks are potentially overestimating global coherence in disease populations particularly in relationship to real world communication [36] . Future studies are needed due the importance of global coherence during discourse production particularly for social interactions and general communication [17] .
To our knowledge, no previous studies have examined the temporal aspects of global coherence in PD during the earliest disease stages. This study offers information regarding the need for future investigations to better understand global coherence in discourse and the influence of progressive diseases such as PD. Traditional measures of global coherence have been completed using scales to rate the individual communication units, whereby an average mean score or percent high global coherence score is calculated. Studies are needed to fur- ther explain the temporal aspects of global coherence in normal and neurologically impaired populations. Similarly, studies are needed to examine global coherence in discourse using a variety of discourse tasks (independent story generation of past history, retelling of stories, procedural tasks such as cooking a meal) and samples varying in lengths [36] . Examining global coherence in a range of populations and using a variety of discourse types will offer additional information about the nature of global coherence and the mechanisms that negatively impact the maintenance of this skill. This study highlights the need to further explore approaches to the measurement of global coherence. Measures of mean global coherence and percentage of "high" global coherence have been frequent in the literature, however, they may represent two distinct outcomes. Measuring global coherence using mean ratings across utterances represents the speakers overall average performance. The average overall performance may not offer a clear indication of the speaker's performance as higher rating scores at critical junctions of discourse could raise the overall performance score. Yet at the same time, the discourse produced may not be representative of successful output that is highly globally coherent. Similarly, measures of percent of high global coherence which represent the percentage of communication units that were rated as "highly globally coherence" or the presentation of information that is "substantially related to the general topic of discussion" are only measures of the percentage of high coherent information produced. Similar to mean ratings, they may not take into account whether information communicated at specific time points or junctures during the discourse production occurred in a necessary time or format to be perceived by the listener as "substantive information to the general topic of discussion".
This study has a number of limitations. First, this is a pilot study with a small sample size, thereby limiting the generalization to the larger PD population. Additional details may be obtained from a larger sample of individuals with PD and a collection of discourse samples of longer length. The findings reported here should be interpreted with caution given the size of the sample reported. Second, samples were collected only during the "off" medication state. Additional insights may have been learned by also collecting data during the "on" medication state. Sanchez and Spencer (2013) found individuals with PD produced more efficient and coherent discourse when "on" medication versus "off" medication [25] . Third, although PD participants were all at H & Y stages 2 -3, the average disease duration for the sample was greater than 4 years. Therefore, some of the PD participants had experienced the disease for substantially longer periods than others who were newly diagnosed. Future studies should consider a more homogenous sample in terms of disease stage and disease duration. Despite these limitations, this pilot study offers foundational information for future studies of expressive language performance and specifically discourse production in PD.
Conclusion
Studies on individuals with PD have primarily focused on motor speech deficits, whereas less attention has been given to expressive language skills. Yet, changes in expressive language ability can impact the psychological and social functioning of the person with PD and their caregivers [37] . Models of PD disease suggest language may be impacted to a greater degree than previously reported. Studies are needed to not only examine the temporal aspects of expressive language performance but also to examine individuals with PD at different and progressing disease stages to determine the impact of the disease over time.
